A simple method for extraction and analysis of wall-bound mycolic acids from small samples of mycobacteria is described. Separation of mycolic acid classes according to their functional groups by thin-layer chromatography showed a difference between Mycobacterium leprae and a number of strains of acid-fast bacilli cultured from leprosy biopsies in vitro. This technique is proposed as a convenient preliminary test in the identification of possible cultures of M. leprae.
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I N T R O D U C T I O N
In over a century since the presence of Mycobacterium Zeprae in leprosy lesions was first noted by Hansen, repeated claims of cultivation of this organism in vitro have been made and subsequently dismissed by other workers when it was shown that the cultures displayed characteristics which were considered to be unlike those of the freshly isolated bacilli (Pattyn, 1973) . It has been argued, on the other hand, that M . Zeprae adapted to conditions in vitro is likely to display different properties to those expressed in vivo. Kato (1977), for example, has reviewed the case for considering that M . leprae grown in vitro is in fact an organism resembling Mycobacterium scrofulaceum. A basic problem in assessing such hypotheses is that the criteria on which taxonomic analysis of mycobacteria is based (Kubica, 1973) generally rely on properties of cultures growing in vitro and thus M. leprae remains unclassified. One way round this problem is to compare mycobacteria on the basis of the biochemical structure of the organisms.
The types of lipids synthesized by particular organisms have been used as an aid in distinguishing different mycobacterial species (Smith et aZ., 1960) . Mycobacteria can be separated into several broad groups on the basis of the pattern of mycolic acids present in different species (Minnikin et al., 1975 (Minnikin et al., , 1980 ) and strains of some atypical mycobacteria have been differentiated by analysis of their peptidoglycolipid components (Brennan et al., 1978) . This paper describes a simple method for the extraction and analysis of the mycolic acids that form part of the cell wall skeleton of mycobacteria (Lederer, 1971) . The classes of mycolic acid obtained from M . leprae freshly isolated from infected tissues are compared with those from several strains cultivated from leprosy biopsies in vitro. The presence of mycolic acids in M . leprae has previously been shown using material derived from human sources (Etkmadi & Convit, 1974; Devi & Stewart-Tull, 1979) and from infected armadillos (Draper, 1976; Stanford et al., 1977 (1961) and is maintained in our laboratory by passaging every 3 months in modified Dubos medium.
Kato strain A5 was isolated from leprosy-infected armadillo material (Kato & Ishaque, 1977) . The FMR strains were isolated from human leprosy biopsies using a procedure adapted from that of Bapat et al. ( Bacteria were grown in Sauton's medium except the in vitro isolates which were grown in modified Dubos medium supplemented with 10% (v/v) human AB serum (Bapat et aZ., 1961) .
Isolation of bacilli. Mycobacterium leprae and M . lepraemurium were purified from infected tissue (armadillo spleen and mouse liver, respectively) by density gradient centrifugation. This technique has been adapted from that developed at the National Institute for Medical Research, London as part of a procedure for obtaining highly purified M. Zeprae preparations suitable for vaccine studies (P. Draper, personal communication). Tissue (0.5 g) was homogenized in distilled water and incubated for 1 h at room temperature with 0.25 % (w/v) trypsin (Sigma) in phosphate-buffered saline pH 6.8 (12 ml). Percoll (Pharmacia) was added to a final concentration of 25 yo (v/v) and samples were centrifuged for 45 min at loo00 g. Tissue material remained in the upper half of the resulting density gradient while bacilli were recovered from a layer near the bottom of the tube.
Skin biopsy material from lepromatous patients was chopped into small pieces, incubated with trypsin for 1 h and processed for lipid extraction without isolating the bacilli.
Bacterial pellets were washed three times with saline and then used for lipid extraction. Only 1 to 5 pg pure mycolic acid was required for detection by H2S0,-charring and the yield from lo@ bacilli was sufficient for thin-layer chromatography analysis.
Lipid extraction. Neutral lipids were removed by extraction with acetone at room temperature for 24 h (3 x 5 ml) and polar lipids by extraction with chloroform/methanol (2: 1, v/v) for a further 24 h at room temperature (3 x 5 ml). Wall-bound mycolic acids remained in the insoluble portion during extraction with organic solvents and were released by saponification with 0.5 % (w/v) KOH in methanol (5 ml) for 3 d at 37 "C (Draper, 1976). The precipitate was washed with methanol and freed mycolates were then extracted twice with ether (3 ml). After evaporation of the ether, mycolates were refluxed on a steam bath for 2 h under acidic conditions suitable for the formation of methyl esters (2 ml of methanol/benzene/H,S04; 20:10:1, by vol.) (Mangold, 1969) . Distilled water (0.5ml) was added and methyl mycolates were reextracted with ether. After drying over anhydrous sodium sulphate the ether was evaporated and samples were analysed by thin-layer chromatography.
Thin-layer chromatography ( t k . ) . Plates were prepared by spreading a layer of silica gel G (0.25 mm; BDH, Bombay, India) and were pre-run in the developing solvent [petroleum spirit (b.p. 40 to 60 "C)/ diethyl ether; 90: 10, v/vl (Winder & Collins, 1970) . Samples (30 to 60 pg) were applied and plates were developed, first with the solvent and then with methanol (Mordarska et al., 1972) . Spots were visualized by charring for 30 min at 110 "C after spraying with 50 % (v/v) H2S04.
RESULTS
The procedure described above results in formation of the methyl esters of mycolic acids and these were readily separable from the less polar fatty acid methyl esters which migrate with the solvent front during t.1.c. Four classes of methyl mycolates were observed (Fig, 1) and, on the basis of comparison of their t.1.c. mobilities with a sample of methyl mycolates from M . tuberculosis (prepared by Dr N. Polgar, provided by courtesy of Dr P. Draper) and with published results (EtCmadi, 1967; Minnikin et al., 1975; Toriyama et al., 1978) , these have been assigned as : a, a-mycolates; b, methoxy-mycolates (a'-mycolates) ; c, ketomycolates (P-mycolates) ; d, dicarboxy-mycolates. Some variations were found in the methyl mycolate profiles obtained using different extraction procedures. Saponification by refluxing in KOH/methanol/benzene resulted in additional spots probably corresponding to the diastereoisomers of the mycolic acids, i.e. pre-a-methyl mycolate etc. (in the nomenclature of Etimadi, 1967). This isomerization was reduced by incubation at 37 "C. The mild saponification procedure resulted in release of the mycolates in the form of their methyl esters. Subsequent refluxing under acidic conditions suitable for methylation was adopted in order to hydrolyse completely the mycolic acid containing an ester link which is known to be the origin of the dicarboxy derivative (LanCelle & Lankelle, 1970). The additional (alcohol) component released in this process migrated between spots c and d during the first development ofthe t.1.c. plates, but migrated with the solvent front during methanol development.
The results confirm earlier reports that M . Zeprae contains only two types of mycolic acids (EtCmadi & Convit, 1974; Draper, 1976 ; Stanford et aZ., 1977) , the lack of the dicarboxy derivative being a clear distinction between this bacillus and members of the M . avium-M. intracellulare-M. scrofulaceum (MAIS) group of organisms. The dicarboxymycolate was found in M.phlei and in MAIS organisms including M . Zepraemurium. All of the in vitro isolates which were tested (three FMR isolates, ICRC strain C44 and Kato strain A5) and M. delhi [which has been found to resemble M. Zeprae in some features (Mustafa & Talwar, 1978) ] also produced the dicarboxy derivative. Examples of other mycobacteria which failed to show the dicarboxy-mycolate included M. smegmatis, M . tuberculosis and M . kansasii. Methyl mycolates obtained by lipid extraction of two skin biopsies from lepromatous leprosy patients showed a similar profile to that of the armadillo M . Zeprae. Short communication
D I S C U S S I O N
On the basis of mycolic acid analysis Mycobacterium leprae is clearly distinguishable from the M . avium-M. intraceZZulare-M. scrofulaceum (MAIS) group of organisms and thus differs from M. lepraemurium and from the in vitro isolates tested so far. Mycobacterium Zeprae also showed marked differences from the in vitro isolates and other MAIS bacteria in terms of glycolipid profile and in production of fatty acid-fatty alcohol esters (unpublished observations).
On the basis of t.1.c. profiles of mycolic acids prepared by an acid methanolysis procedure, Minnikin et aZ. (1975 Minnikin et aZ. ( , 1980 have identified three different groups of mycobacteria:
(1) those with a profile similar to M. tuberculosis (M. kansasii would fit into this group), (2) those giving the M. avium-M. phlei profile, and (3) M. smegmatis and M. fortuitum which lack the keto and dicarboxy derivatives. The pattern of M . Zeprae mycolic acids differs from all three of these groups.
Some caution must be exercised in comparing the lipids of mycobacteria isolated from tissues and those grown in vitro since differences could be the result of adjustment to changes in growth conditions. However, the fact that the dicarboxy-mycolate is present in tissuegrown M. lepraemurium and is absent in M. tuberculosis whether cultured in vitro (Minnikin & Polgar, 1967a, b) or isolated from infected tissue (Goren, 1972) suggests that this feature of M . Zeprae is unlikely to be specific to the bacilli grown in v i v a The functional significance (if any) of particular mycolic acid classes present in mycobacterial cell walls remains to be established.
Analysis of wall-bound mycolic acids is a simple process which can be carried out with lo9 cells and requires no sophisticated equipment -it is therefore proposed as a useful routine test in the preliminary identification of mycobacterial cultures derived from biopsy material.
A more extensive analysis of a single culture derived from a leprosy biopsy also resulted in the conclusion that this organism was unlikely to be related to M . leprae (Stanford et al., 1977) . These authors suggested that the organism may have arisen from a laboratory contaminant. However, the number of reports of isolation of organisms, the reproducibility of the isolation procedure (9 positive results out of 10 biopsies in our laboratory) and the apparent similarities of the resulting cultures, suggest that the presence of small amounts of MAIS bacteria may, in fact, be a common feature of leprosy-infected tissue.
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